Special Topics in Fine Chem & Polymers 2007 1st Exam  Student ID #           Name          
Total 100 points. Write your answers in the space provided. If you need more space, write on the back.

1. (20 points) (a) Construct the  MO energy level diagram of 1,3-butadiene from that of ethylene and describe briefly how it is done. (b) Construct the  MO energy diagram of acrolein (CH2=CH-CH=O) according to the perturbation MO (PMO) theory and explain the process. (c) Discuss the relative reactivity of 1,3-butadiene and acrolein toward an electrophile based on the MO energy level diagrams constructed above. (d) Can you predict the regioselectivity in the electrophilic addition reaction to the more reactive compound from the MO diagrams you have drawn? If not, what else do you need? (e) Apply the valence bond theory to predict the regioselectivity of the above electrophilic addition reaction.
 2. (10 points) The HSAB (hard-soft acid-base) theory is often a useful guide to predict the reaction results of interest. Explain with a specific example what the HSAB theory is and how it can be applied to an organic reaction. Discuss how the hardness () of an atom is related to the energy level of frontier molecular orbitals, i.e., HOMO and LUMO. Describe also the relationship of the hardness to both polarizability and electronegativity of the atom.
3. (10 points) Propose the two conformations of propene that are lower in energy than any other possible conformations. Compare their relative stability and explain why, based on the MO theory.
4. (15 points) Answer the following questions related to 1,2-dimethylcyclohexane. (a) Identify all the possible stereoisomers of 1,2-dimethylcyclohexane and their stereoisomeric relationship to each other. (b) Perform their conformational analyses based on the chair conformation and determine which conformer for each stereoisomer is more stable based on the relative potential energy difference (Ggauche = 0.8 kcal/mol). You must indicate the relative energy difference for each conformer. (c) Calculate the energy difference between the two stereoisomers of decalin, cis​- and tran-decalin, by applying the similar conformational analysis.
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5. (15 points) (a) Derive the reaction constant () of phenylacetic acid (PA) from the data given and compare its  value with that of benzoic acid (BA) in terms of its sign and number.
 (b) The Hammet substituent constant (m) for an acetamido group (CH3CONH-) is +0.21, whereas that of an amino group (NH2-) is -0.16. Discuss the difference. (c) Its Taft substituent constants, + and +, are -0.60 and +0.46, respectively. Explain the apparently opposite effects by the same substituent.
6. (5 x 5 points) Explain the following terms or statement with a specific example.

(a) Kinetic resolution and the selectivity ratio E.
(b) The Curtin-Hammett principle

(c) Captodative radicals

(d) The reactivity order in the following carbonyl derivatives: R-CO-O- < R-CO-NH2 < R-CO-OMe < R-CO-Me < R-CO-H < R-CO-Cl
(e) Anomeric effect

(f) (bonus 5 points) Hammond postulate
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